DISCLAIMEK

LA-UR- 93-161
ggasidefd
3 %ééggfs
1 sﬁéééﬁg
5 .?gc . -
é.gaﬁﬁggﬁ
BRI

LY
3

5

thereof.

United States Government of any agency

Los Alamos

NATIONAL LABORATORY

Title: FLUID DYNAMICAL PREDICTIONS FOR Au Au COLLISIONS AT AGS
LA-UR--93-16
DE93 007346
|
1
Author(s): L.

E]

Submitted to:

Bravina, L. P. Csernai, P. Levai, and D. Strottman

HIPAGS Meeting, MIT, Cambridge, 14-17 JAN 93

L os Alamoys Navonal | aboratory  an atfirmative Achion/sgual opportunity wmpidysr i oparated by the Uiiversdy of Caltormia for tne U S Dapartmant of Foergy
utsder contact W 405 E NG 30 Ry accaptance of this arti e the publishor recognizes that the L S Govarnmant retains a nonnachusovs toyalty on hce se to
pubitsh ot taproduce the publishied faem of thes comnbution of 1o allow othaers 1o do 3o, for U S Governmant prrpones The Loa Alamos Nationa | ateratory

1mqu asts thal the publisher dentity thig aicln as work perfurned uivier the Ausir.es of the U S Department of Enwigy
. "

)
Form by 838 I8
R S, BTE )

QISTHIBUTION OF THIS DOCUMENT IS UNLIMITED


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov
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Signatures of collective effects are studied in the Quark Gluon String
Model and in the Fluid Dynamical Model for Au+Au collisions at 11.6
A GeV. In the fluid dynamical model the dependence of measurables on
the QGP formation in the EQS is pointed out, although the max. total
amount of pure QGP formed is only 4 fm? in these reactions. In QGSM
the lifetime and extent of latent energy in strinys is studied.

In most reaction models of relativistic heavy ion collisions where a first order
phase transition to the QDP is considered, it is assumed that the phase transition
is rapid compared to the dynamics of compression or expansion, and consequently
instantaneous phase equilibrium is assumed to be present. This assumption leads to
a mixed phase according to the Maxwell construction, which decreases the pressure
in a large domain of the phase space, even if only a small amount of QGP is present.
Thus some consequences of the QGP in the EQS are already apparent before a large
quantity of QGP is present. Recent studies (1, 2] indicate that explicit calculation
of phase transition dynamics yields a dynamical hadronization not far from the
Maxwell scenario.

In string models QGP formation is not considered explicitly, but intermediate
non-hadronic objects, strings are formed. These absorb an essential part of energy
and baryon charge during the initial stages of the reaction. As pointed out earlier
(3], the string density may become very large, so that string-string interactions in
principle should not be neglected. Comparison of string model predictions with
experiments indicate that an accurate description of massive strange baryons is
possible only if string-string fusion, string-rope formation, or di-string formation
are considered. The formation of such larger non-hadronic objects is necessary to
provide sufficient energy for massive baryon formation. The dense soup of inter-
acting and partly fused strings can be considered as a non-equilibrated precursor
of the Quark Gluon Plasma. The actual EOS of such string models has not been
eva'uated so far.

Let us first demonstrate the flow patterns in central reactions in the fluid dy-
namical model with two equations of state. one with pure hadronic matter and
the otner including a strong first order phase transition to QGP 3], If » QGP is
present in the FOS the fluid dynamical model predicts the formation of 4 fin? of
pure QGP. This can be compared to 50 fin* in Phi PL reactions at 160 A GeV,
Thus the amount of QGE i not sutficient to provide any direct QD signal like
J/W suppression, or in dic lepton emission. However, as we will see the secondary
chianges due to the softpess of the T OS e ol detectablo
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fm/c respectively. Ie., the phase transition leads to an increase of the collision time
by about 30-40%!

The baryon rapidity distributions indicate strong stopping for both EOSs, but
their dependence on the break-up time and on the EQS is about the same. Thus,
the baryon rapidity distribution is not an obvious signal for the phase transition.
The average transverse momentum for baryons, < pt/A >, is about 1 GeV /c at all
rapidities. It does not depend strongly on the EOS. The pion rapidity distribution
is even less of a phase transition signal, because in the fluid dynamical model we
consider thermal pions at their break-up only. This is because of the extremely
strong temperature dependence of the thermal pion spectra.

In the QGSM the rapidity distributions of protons and negatives indicate simi-
larly strong stopping. The spectra are even more peaked that in the fluid dynamical
model.

It should not surprise us that the collective fluid dynamical etfects are exhibited
much more clearly at finite impact parameters. We have studied Au+Au reactions
at b=5 fm. The average density increase is smaller now due to the spectators: 5.5
(4) ng for QGP (Hadronic) EQOS, see Fig. 1. The amount of pure QGP formed is
negligible (1 fm3).
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Figure 10 Average harvon density inerease, < nfug s versus time an an Aud A
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then it raises back to about 30-40% depending on the EOS. In the reaction plase
the flow Fy is about 25% larger for the hadronic EOS at its maximum.

The strongest and clearly observable effect is in the Squeeze-out (y-) direction
where the flow, F, is twice as large for the hadronic EQS than for QGP EOS!
(Fig. 2).
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Figure 2: Average flow in the y-direction [arbitrary units], as function of time in an
Au+Au collision at 11.6 A GeV and b=5 fm, for QGP (Q) and Hadronic (H) EOS.

The rapidity distribution is again not strongly dependent on the EQS, although
it indicates strong stopping. A double hump structure representative of the slowed
down spectators is more apparent for the hadronic FOS.

The transverse flow analysis, < p:/A >.is also a seusitive indicator of the £0OS.
< pr/A > is much smaller than < pi/4 > {GeV/c. For the Au+Au, 11.6 A GeV
reaction at b=5fm < p, /A >= 500, (350)MeV /¢ for Hadronie, (QGP) FOS at the
target or projectile rapidity (Fig. 3}, In the QGSM the transverse flow is smaller,
but stll a large and observable effect (Fig 3).

The space time pattern of a collivon is different in the two models, and in
the fhiid dvnamical model it strongly depends on the FOS, Due to the higher
compression with QGEP the srea of the most dense tegion is alinost half of this area
with the hadronmic FOS On the other hand the Tifetime of the dense matter is abiont
HO S0 lonwer,
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Figure 3: Average transverse flow, < pz/A >,in an Au+Au collision at 11.6 A.GeV.
A: In the QGSM at b=3fm, plotted versus Y (left). B: In the Fluid Dynamical
model for b=5fm, for QGP (Q) and Hadronic (H) EQOS, plotted versus Y/Y, (right).

region disappears along t=coust. or r=const. surfaces, in QGSM the string-region
decays at its outside surface surviving quite long in the middle, ca. 10 fn/c.

In conclusion we suggest to study the collective flow behaviour in the Au+Au
reactions at AGS. According to our theoretical predictions these collective effects
are well measurable at AGS using the same or similar methods that were used at
BEVALAC. Both the transverse flow, < p;/A >, but particularly the squeeze-out
cffect are particularly sensitive to the precursors of the transition to the QGP. If both
the bounce off and squeeze-out are identified the signal of the pre- phase transition
softening of the EOS is indicated by the sinaller squeeze-out versus bounce-off ratio
than measured at the BEVALAC.

A significant amount of QGP is not expected to be formed at this energy, but
the signs of the phase transition due to the effects of the mixed phase is observable,
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